IN 1961 Huggins and his colleagues (Huggins, Grand and Brillantes, 1961) reported that mammary tumours could be induced rapidly and reliably in rats by means of a single dose of 20 mg. 7,12-dimethylbenz(a)anthracene (English notation 9,10-dimethyl-1,2-benzanthracene) given by stomach tube. Since this method has such obvious practical advantages over that requiring repeated doses of 3-methylcholanthrene (Huggins, Briziarelli and Sutton, 1959; Dao and Sunderland,1959 ; Prichard, 1961, 1964c) we decided to use it in continuing our studies on experimentally induced mammary tumours . In this paper we report the results of our first group of experiments with this carcinogen.
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METHODS
Fifty-one female Sprague-Dawley rats, bred in our own laboratories, were used. After weaning the rats had no access to males at any time. At the age of 50 days (± 1 day) they were given 20 mg. 9,10-dimethyl-1,2-benzanthracene (DMBA), dissolved, in 1 ml. sesame oil, by stomach tube. Thereafter the rats were palpated at weekly intervals to determine whether any tumours had developed. The presence of a palpable tumour was not recorded until a nodule as large as a pea (0 8-1*0 cm.) was felt. Soon after a tumour had attained this size a biopsy specimen was taken, under ether anaesthesia, for microscopic examination, and at this time 6 of the rats were subjected to hypophysectomy and 15 others to bilateral ovariectomy; the remaining rats received no treatment; in a few cases further biopsy specimens were taken of the tumours. The feeding and general care of the animals was as described in our previous papers. Most of the rats were kept for periods ranging from 6 to 15 months after the date of the carcinogen feeding, the termination of the experiment in each animal depending on various circumstances, e.g., the development of intercurrent infection, the excessive growth of a tumour or the need to search for and examine microscopically the remnant of a tumour which had regressed after one of the operations mentioned above. The rats were finally killed with chloroform, and with a few exceptions a detailed autopsy was carried out, all tumours that were found being taken for microscopic examination. In many instances tumours too small for identification by palpation were discovered to be present at autopsy. From most animals several macroscopically normal mammary glands were taken for histological study. A search for metastases was also regularly made.
The tumours and other tissues taken were fixed in formol-alcohol (10 per cent formalin, 60 per cent alcohol). Blocks were embedded in paraffin wax, and sections were cut at 7 ,u and stained with haematoxylin and eosin and with haematoxylin and Van Gieson's mixture. Frozen sections were cut from some of the tumours and stained with Oil Red 0.
RESULTS

Incidence and nature of the tumours
Of the 51 rats which had been given DMBA, 41 animals developed mammary tumours. In 38 of these animals the presence of one or more tumours was easily established by palpation, but many of the rats, particularly those kept for over 6 months, were found at autopsy to have additional mammary tumours which were usually too small to be felt through the skin (Fig. 8) . In the other 3 rats the existence of tumour tissue was discovered only at autopsy. The remaining 10 rats of the series that had been given the carcinogen did not develop any palpable tumours during the period of their survival, which ranged from 6 to 52 weeks after the carcinogen feeding (the mammary glands of these animals were macroscopically normal but were not examined histologically to see whether small tumours were present).
The earliest time that the presence of a tumour was established by palpation was 8 weeks after the carcinogen had been given, and 7 rats had developed palpable tumours by the 11th week. However, in 25 animals palpable tumours did not appear until much later, the times being spread fairly evenly over the period from 6 to 12 months after the carcinogen feeding.
In all, 137 tumours were found to be present in the 41 rats. They were situated along the so-called milk-line at various levels from the neck to the lower abdomen. (Daniel and Prichard, 1961 usually difficult to distinguish these milk-secreting adenomata from the nonsecreting adenomata described above, but when the former tumours were exposed milky patches were often seen on the surface beneath the capsule, and when cut across with a scalpel the tumours would exude a milky fluid.
A third group of tumours, totalling 60 and taken from 27 rats, consisted of fibro-adenomata (Fig. 4) . These varied greatly in their structure, ranging from neoplasms with a large epithelial component to tumours which were almost pure fibromata and in which a considerable search had to be made to find any epithelial elements. In some of the fibro-adenomata it was possible to see that the epithelial component was either of non-secreting or of secreting type but it was not possible to subdivide the whole group of fibro-adenomata on this basis. Macroscopically, the fibro-adenomata were usually clearly distinguishable from the adenomata, being flabby instead of firm on palpation, and tough and stringy when cut.
In addition to these three main types of tumour two rats developed an anaplastic mammary tumour, composed of very primitive looking cells. Many of the rats kept for relatively long periods developed tumours of more than one type, milk-secreting adenomata and fibro-adenomata frequently occurring together, and in an occasional animal all three types of tumour, nonsecreting adenoma, secreting adenoma and fibro-adenoma, were found to have developed. Moreover, even within a single tumour the characteristics of more than one type of neoplasm were occasionally seen (Fig. 7) .
The times when the tumours developed are shown in Fig. 9 9. An analysis of the mammary tumours which developed in 40 rats after a single dose of DMBA, with the times when they were first observed. The large symbols denote tumours observed on palpation; the small symbols indicate tumours too small to be palpable through the skin, but found to be present at necropsy. (For simplicity, in the few instances in which more than one type of neoplastic tissue was present in a single tumour, each component is recorded in the appropriate category as though it had been a separate tumour.)
Response of tum,rnours to hypoWphysectomy or ovariectomy Six rats with well established tumours were subjected to hypophysectomy. The nine tumours in these animals were all adenomata of the non-secreting type and after autopsy, 4F47 weeks after operation, all these tumours showed microscopic evidence of regression; in seven of the neoplasms the regression was complete, but in the other two only part of the tumour had regressed. The characteristic features of regression in these tumours were similar to those reported in our previous studies . Two of these rats developed fibro-adenomata some weeks after hypophysectomy.
Ovariectomy was performed in 15 rats bearing macroscopically visible tumours. The latter included neoplasms of all the types mentioned above, but the only instances of regression found post-operatively in these animals occurred in nonsecreting adenomata. Such tumours showed complete regression in 4 rats, partial regression in 3 others, and no regression in one animal. Regression did not occur in any of the numerous secreting adenomata or fibro-adenoedata, although in a few of the latter the epithelial component appeared to have dimin-ished after operation. Moreover, in many of the rats additional secreting adenomata and fibro-adenomata developed after the ovaries had been removed. There was one anaplastic mammary tumour present in this group of animals at the time of operation, and this did not regress.
DISCUSSION
Our main object in giving carcinogen to rats has been to induce mammary tumours of a hormone-dependent type, so that we could compare the response of such neoplasms to various procedures which in one way or another modify their hormonal environment, such as hypophysectomy (Daniel and Prichard, 1963) , transection of the pituitary stalk (Adams, Daniel and Prichard, 1963a, b, 1964; Cowie et at., 1963 Cowie et at., , 1964 Daniel, Duchen and Prichard, 1964a, b, c; , ovariectomy (Daniel and Prichard, 1964a) and adrenalectomy. This aim had been achieved in our previous studies in which 3-methylcholanthrene (3-MC) had been used as the carcinogen Prichard, 1961, 1964c (Dao and Sunderland, 1959; Huggins et al., 1959 Huggins et al., , 1961 Sterental et at., 1963; Young, Cowan and Sutherland, 1963) for similar tumours because, although the intense mitotic activity often seen suggests malignancy (Foulds, 1961) , the tumours do not give rise to distant metastases). These adenomata formed the smallest group of the three tumour types and were in general the earliest tumours to develop, most of them appearing within 6 months of the carcinogen feeding. Microscopically they were very similar in appearance to the adenomata induced by 3-MC, although the papillary pattern was more frequently seen after DMBA than after 3-MC. The degree of regression shown by these tumours after hypophysectomy or ovariectomy was very similar to that of adenomata induced by 3-MC , and it would thus seem that the tumours of this type are essentially hormone-dependent.
However the great majority of the tumours induced by DMBA consisted of fibro-adenomata and milk-secreting adenomata. The fibro-adenomata, seen only occasionally in rats given 3-MC, formed the largest group of tumours in the present experiments, but the milk-secreting adenomata were almost as numerous, and this type of tumour we have not seen in any rat fed with 3-MC. Most of the tumours of these two types did not develop until 6 months or more after the DMBA had been given. In size these tumours ranged from very large neoplasms to plaques so small that they were only discovered in sections of what appeared macroscopically to be normal mammae. The histological features were the same in both the large and the small tumours.
The finding of very small tumours of all three types at autopsy was unexpected and stresses the need for a microscopic study of apparently normal mammary tissue in rats which have been fed with such a carcinogen. We did not examine all the mammary tissue in our rats, and thus the number of very small tumours recorded is almost certainly less than the number actually present. Whether these small neoplasms were newly-formed tumours or whether they had developed at an earlier stage and failed to grow to any size is not known. The rate of growth of the tumours which attained palpable size was variable and was not related to the type of neoplasm; most of them showed continuous growth but some appeared to stop increasing in size after a time. We did not, however, observe a decrease in the size of any tumour occurring spontaneously, as reported by Young and Cowan (1963) .
The data provided by the present series of experiments is not sufficient to show whether the fibro-adenomata and the milk-secreting adenomata are hormonedependent or not. However, it seems probable that if there are hormonal influences associated with the growth of these tumours these are not the same as those which stimulate the growth of the non-secreting adenomata. For, whereas the growth of a non-secreting adenoma was usually inhibited by removal of the ovaries, in no instance did ovariectomy cause an already existing fibro-adenoma or milk-secreting adenoma to regress, nor did this operation prevent the subsequent development of new tumours of these types. By chance, the rats on which a hypophysectomy was performed did not include any animals bearing either a fibro-adenoma or a milk-secreting adenoma. Thus we have at present no data as to whether these tumours regress after removal of the pituitary.
However, the possibility that the pituitary does have an influence on the development of at least some of these tumours is suggested by the finding that in the rats bearing non-secreting adenomata which had been subjected to hypophysectomy no milk-secreting adenomata, and only two fibro-adenomata, developed after the operation, even though some of these animals were kept for [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] weeks from the date of the carcinogen feeding. At a similar period of time milk-secreting adenomata and fibro-adenomata were developing in the rats with intact pituitaries. Moreover, as regards the milk-secreting adenomata, it seems likely on theoretical grounds that the development of these tumours is dependent on pituitary influence, since all the evidence at present available points to the fact that most of the hormones needed to induce lactation in the normal mammary gland are derived from cells in the anterior lobe of the pituitary gland (Cowie et al., 1964) . One of the characteristics of the milk-secreting adenoma was its. general microscopic resemblance to a normal mammary gland during late pregnancy or lactation, and it therefore seems probable that in the rats which developed this type of tumour the carcinogen had caused a condition in which the pituitary was stimulated to secrete the hormones that are associated with lactation.
In view of the large number of milk-secreting adenomata that occurred in our rats given DMBA, it is surprising that this type of tumour is not mentioned by other workers who have used this carciniogein (Huggins and Yang, 1962; Sterental et al., 1963; Young et al., 1963) . Indeed, the only account of milksecreting tumours which we have been able to find is that of Foulds (1956) , who observed this type of neoplasm occurring spontaneously in the mammary glands of a high-cancer strain of mice. In his animals, however, the tumours developed only during pregnancy or lactationi, and thus the conditions were quite different from those in our rats, none of which was given the opportunity to become pregnant.
There are few reports in the literature of mammary fibro-adenomata developing after the oral administration of carcinogenic hydrocarbons. This type of tumour was one of the less common varieties of neoplasm induced by methylcholanthrene in the experiments of Shay, Harris and Gruenstein (1952) , and these workers suggested that the development of a fibro-adenoma, instead of a purely glandular tumour, was the result of an approximate balance having become established between the amounts of oestrogen and testosterone present in the animal. Fibroadenomata occurred only occasionally in our experiments with 3-MC, and are not reported by Huggins et at. (1959) or by Dao and Sunderland (1959) as having developed in their rats given this carcinogen. It would thus seem that only a very few of the tumours induced by 3-MC are fibro-adenomata. The present experiments indicate that this is not the case when the carcinogen used is DMBA, and Huggins and Yang (1962) also report that fibro-adenomata developed in many of their rats given IDMBA. On the other hand, some workers' accounts of the tumours induced by this carcinogen contain no mention of fibro-adenomata (Sterental et at., 1963; Young et al., 1963) .
The exact mechanism by which tumours are induced by oral administration of carcinogenic hydrocarbons is not known, but it is clear that the carcinogen is not the sole factor in the causation of the tumours. The conditions in the host, including hormonal factors, must play an important role, and it seems possible that the hormonal conditions prevailing in an individual animal at the time when the carcinogen is exerting its effect determine the type of tumour which develops. In this connection it may be significant that in the present experiments most of the non-secreting adenomata developed within 6 months of the carcinogen feeding, i.e. while the rats were relatively young, whereas the great majority of the milksecreting adenomata and fibro-adenomata did not appear until from 6 to 12 months had elapsed since the carcinogen had been given, i.e. in older animals.
SUMMARY
Mammary tumours were induced in female Sprague-Dawley rats by a single feeding of 20 mg. 9,10-dimethyl-1,2-benzanthracene, given at the age of 50 days. The tumours were of three main types: ordinary adenomata resembling those induced by 3-methylcholanthrene, adenomata of an unusual type characterised by milk-secretion, and fibro-adenomata. The ordinary, non-secreting adenomata formed a minoritv of the tumours, and usually developed within 6 months of the carcinogen feeding. The milk-secreting adenomata and the fibro-adenomata were the tumours which developed in largest numbers, but most of the tumours of this type did not develop until 6-12 months after the carcinogen had been given. The growth of the non-secreting adenomata was influenced by the pituitary and to some extent by the ovaries.
